Abstract Presence in water is easily metabolized nitrogen-containing substances is a vital condition for the existence of food organisms in ponds used for fish reproduction. At the same time, the end products of nitrogen metabolism-ammonia, nitrites and nitrates are always displayed the body of fish into the environment, adding to the total number of these compounds dissolved in water. Ammonia, nitrite and nitrate anions are formed during biological processes, as well as man-made origin, have toxic properties and are considered as environmental factors that may limit fish productivity of reservoirs. The results of a brief review of the literature showed that the features of nitrogen metabolism in fish are actual direction of research, both theoretical science and in practical fish farming. Published the results of studies of amino acid metabolism in fish suggest that, firstly, the processes responsible for the neutralization and the release of ammonia from the body of fish, as well as ontogenetic aspects of the dynamics of formation and emission of ammonia is not fully understood. Meanwhile, several authors stressed the importance of this area of interest for the formation of science-based ways to improve the efficiency of plant breeding in fish culture. Secondly, endogenous nitrite, being the product of oxidation of the molecule nitric oxide and its transport form, the norm are always present in fish. However, the mechanisms responsible for maintaining the stability of the concentration of nitrite in the internal environment of fish, not well understood. Also, in our opinion, of interest to determine the physiological rules of nitrites and nitrates in the body of various species, depending on the seasons and stages of ontogeny. Thirdly, the literature pays much attention to the toxic properties of nitrite in water biocenosis. Certainly, the analysis of the manifestation in fish tissue-specific toxic effects of nitrites and their derivatives-an important area of research. Nevertheless, we can not exclude that it may be quite promising analysis of the incorporation of exogenous nitrite as a substrate exist in fish of the physiological mechanisms re-synthesis of nitric oxide. This kind of ''interference'' of endogenous and exogenous nitrite-anions are not causing serious structural damage to organs and tissues, however, can cause substantial damage to the practical fish farming, causing changes in the level of regulatory mechanisms of fish at the most critical stages: when working with manufacturers, the incubation of eggs, and larvae rearing and wintering fish.
Introduction
Presence in water is easily metabolized nitrogencontaining substances is a vital condition for the existence of food organisms in ponds used for fish reproduction. At the same time, the end products of nitrogen metabolism-ammonia, nitrites and nitrates are always displayed the body of fish into the environment, adding to the total number of these compounds dissolved in water. Ammonia, nitrite and nitrate anions are formed during biological processes, as well as man-made origin, have toxic properties and are considered as environmental factors that may limit fish productivity of reservoirs.
It is known that zooplankton and phytoplankton, fish, and many other aquatic animals, in contrast to terrestrial organisms, are characterized by a high specific content of protein and free amino acids (Ostroumova 2001) . According to figures released in the cited source, the natural feed for high nutritional requirements of fish in amino acids, due to severe plastic metabolism, primarily of young fish. On the other hand, in contrast to higher vertebrates, in fish amino acids are a major, and some species of fish core, substrate reactions of energy metabolism. The process of recycling of amino acids as an energy source, is preceded by deamination, during which the cleavage of the amino group with the formation of free ammonia. Power systems deamination of amino acids in fish illustrate the results of experimental studies that the rate of formation of endogenous ammonium in the cultured carp with closed cycle of water, greater than 4 kg per 1,000 kg of fish per day (Sim Do Thek 1991) . In addition, data analysis pool of free amino acids in fish tissues confirmed a significant predominance of glutamic and aspartic acids (Ostroumova 2001) , play a key role in the mechanisms of local neutralization and transport of highly toxic compounds-ammonia, formed during the deamination of amino acids (Wright et al. 2007 ).
The next object of our attention-nitrites and nitrates. Analyzing the metabolic pathways of nitrite and nitrate in fish, indicate that these compounds in small quantities are constantly present in the reservoirs used for fish reproduction, forming a natural way in the collapse of nitrogen-containing biological molecules, or enter the aquatic environment due to human pollution. The literature provides information about what is normal for the metabolic processes in fish contributes to the formation of the total pool of nitrite and nitrate reservoirs. The rate of formation of a fish endogenous hydrazoic and nitrate salts is lower than that of the ammonia when cultured carp with closed cycle of water, probably does not exceed 300 g/1,000 kg of fish per day (Sim Do Thek 1991). Thus, in our opinion, the discussion metabolic pathways of nitrite and nitrate in the fish is expedient to distinguish two main blocks. First, the environmental aspect, devoted to studying the reaction of fish to nitrites and nitrates of exogenous origin, and, secondly, the metabolic pathways of endogenous nitrates and nitrites, including the sources of their formation, their physiological significance, as well as ways of removing the external environment.
Theoretical and practical importance of studying the mechanisms of clearance of ammonia in fish
The main end product of nitrogen metabolism in fish is ammonia secreted into the environment of specialized cell population gill apparatus (Evans et al. 2005) . Ammonia output from the apical pole of the gill epithelium, rich in mitochondria (Evans DH et al. 2005; Wright and Wood Ch 2009 ). In the water, adding free protons of the ammonia molecule, on the one hand, lose the ability to back diffusion through the lipophilic environment of biological membranes, on the other hand, the conversion of ammonia into less toxic substance-ammonium cation maintains the concentration gradient of ammonia on the interface between the external and internal environment. The results of recent research underline the importance of the physiological role of the described mechanism, directly conjugated with the basic homeostatic functions of the gill apparatus, ensuring the stability of the parameters of gas exchange, acid-base and osmotic balance of internal environment (Evans et al. 2005) . However, some authors ascertain the relevance of further research, whose aim is, firstly, the creation of adequate models of clearance of ammonia, which is closely associated with the work of the ion-transporting systems of gill epithelium (Wright and Wood Ch 2009) , in-Second, the analysis of physiological and evolutionary aspects of the ways renal clearance of ammonia in fish (Nakada et al. 2007) , as well as to study the features of neuro-humoral control systems of homeostatic functions of the gill apparatus of fish (Hoshijima and Hirose Sh 2007; Tse et al. 2007 ).
In this case, considering the ammonium salt as the main end product of nitrogen metabolism in fish, some scholars emphasize the important scientific and practical value outlined above, the range of issues. In particular, the study of the effectiveness of glutamatedependent mechanisms intraorganic neutralize the ammonia in some species of fish, a long time can survive in arid environments where the gill system of clearance of nitrogenous products of catabolism are not fully functioning (Anderson et al. 2002) , promotes the formation of science-based policy in selection of high-value fish species that are resistant to adverse hydrochemical conditions (Wright et al. 2007; Sanderson et al. 2010 ). In addition, attract the attention that the fish eggs, along with gill and kidney epithelium, characterized by high expression of specific transport proteins involved in mediated transport of ammonia (Nakada et al. 2007 ). From the position described in this review of the facts, understanding that the fertilized eggs is a powerful incentive not only anabolic potential but also the processes of energy metabolism, we can not exclude that the results of studies of the kinetics of transport of ammonia incubated eggs, may be of interest for the development of biomarkers, targeted for the selection of the most productive producers of fish.
Nitrites and nitrates, as the environmental factor of the aquatic environment Many years of practical experience confirms the view that, in ponds used for fish reproduction levels of nitrites and nitrates in the water are subject to strict regulation, referring to the high toxicity of these compounds. Indeed, the results of recent research showing that a direct toxic effect of nitrite on fish organism most pronounced in the early stages of ontogeny, inducing a fish fry structural and functional disorders of the gill apparatus, an inflammation of muscle tissue (Kroupova et al. 2010 ). Perhaps the sensitivity of different fish species to the toxic effects of nitrite is due to physiological characteristics of the regulatory mechanisms of ion homeostasis, determining levels of income and accumulation of exogenous nitrite in fish (Jensen 2007) . Along with this, some authors suggest that nitrite, which have high reactivity in aqueous media may be involved in the formation of complex compounds with other xenobiotics-polycyclic aromatic hydrocarbons (Wahidulla and Rajamanickam 2010) . Studies conducted by the authors quoted a source, demonstrating that the reaction products nitrosation polycyclic aromatic hydrocarbons can vary extremely high cytotoxicity. In addition, the presence of small amounts of these complexes in natural waters can cause damage to genetic material of fish, as a possible cause of cancer.
Source, metabolism and physiological significance of endogenous nitrates and nitrites
In the fish, as well as in higher vertebrates, the main precursor of endogenous nitrite and nitrate is a molecule of nitric oxide-NO (Hansen and Jensen 2010) . In fish of NO has important regulatory functions, taking part in the management of the cardiovascular system (Hansen and Jensen 2010; Pedersen et al. 2010) , the homeostatic functions of the gill apparatus (Jensen 2007; Cossins et al. 2009 ), the activity of the cytochrome electron transport chain of mitochondria (Jensen 2007) , the reproductive system of fish (Tamanini et al. 2003; Tripathi and Krishna 2008) . In turn, the process of NO synthesis is regulated by specific enzymatic complexes of NO-synthase, using as a substrate amino acid L-arginine. In this case, NO chemically unstable molecule, its life expectancy is measured by several tens of seconds. Directly in tissue NO is rapidly oxidized to nitrites and nitrates, which in turn can be used as substrates in the resynthesis NO, thus fulfilling the role of fish in the body of the transport form of nitric oxide (Jensen 2007) . Basic physiological mechanisms of interconversion of NO, nitrite and nitrate in the tissues of fish, in general, coincide with the views on the principles of the functioning cycle of nitric oxide, formulated for higher vertebrates (Reutov et al. 1994) . The results of recent research show that the intensity of fish nitrite (nitrate)-reductase contour cycle of nitric oxide synthesis may sharply increase in oxygen deficiency (Pedersen et al. 2010) . It has been suggested that a lack of oxygen stimulates the organ-and species-specific ways to utilize endogenous nitrites to their intracellular accumulation and a more rational use of nitrite reductase chain reaction (Hansen and Jensen 2010; Pedersen et al. 2010 ). In addition, the found experimental evidence suggested that exogenous nitrite in fish can also be included in the nitrite reductase circuit synthesis NO (Jensen 2007 ). In the quoted source attracts the conclusion that the main channel of entry of exogenous nitrite in the body are the gills of fish, regulating the absorption of nitrite across the anion-transporting system of the gill epithelium. Possibly present in the fish-specific heme-containing proteins that perform the function of maintaining the balance of the activity of argininedependent nitrite (nitrate)-reductase contours nitrogen oxide cycle, determine the level of resistance of fish species to oxygen deficiency and the effectiveness of organ protection mechanisms against reperfusion injury (Cossins et al. 2009 ). In turn, the species-specific resistance of fish to high concentrations of exogenous nitrite (Jensen 2007; Jensen and Rohde 2010) may depend on the intensity of the transport of mineral substances in the cells of the gill apparatus, the rate of accumulation of nitrite in the intracellular sector and the efficiency of hemoglobindependent resynthesis NO. In our opinion, should also be noted that the sharp surge in activity intraorganic arginine-dependent NO synthesis can cause growth intraorganic and systemic concentration of endogenous nitrite in fish. In particular, at certain stages of maturation of oocytes recorded a significant increase in the concentration of nitrite and nitrate anions in the tissues of the gonads and blood plasma of fish (Tripathi and Krishna 2008) . The authors cited sources that the dynamics of concentrations of chemically stable metabolites of NO in the ovarian tissue of fishes, reaches a maximum phase previtellogenesis, however, sharply declining in the phase of vitellogenesis, on the one hand points to the important role of NO in the control of reproductive functions of fish, but with On the other hand, is quite reliable marker of oogenesis in fish. Note that the figures provided in this section, the data show that in fish metabolism of nitrite endogenous and exogenous origin is closely connected with the activity cycle of nitric oxide. The literature presents data on how processes occur metabolic clearance of NO, due to the oxidation of molecules in a chemically stable compound-nitrite and nitrate anions. The data, which reveal the specifics intraorgan mechanisms maintaining the balance of the activity of argininedependent nitrite (nitrate)-reductase of the contour cycle of nitric oxide. Experimentally confirmed the possibility of using fish of exogenous nitrite as substrates in reactions resynthesis NO. However, attention is drawn to the following pattern-the authors of most-cited publications recognize that normally the content in the extracellular fluid of fish physiologically active metabolites of NO-endogenous nitrite is constant (Jensen 2007; Tripathi and Krishna 2008; Cossins et al. 2009; Jensen and Rohde 2010) . Taking note of the reasoned reviewed publications in the importance of the physiological role of nitrite to fish, the existence of specific mechanisms that determine their kinetics in the body, and narrow ranges of concentration in the extracellular fluid, it can be assumed that normally the level of nitrite is a physiological constant. However, the mechanisms responsible for maintaining the stability of their level, including not only the accumulation in tissues and conversion, but the selection of the body are small and, in our opinion, require deeper investigation.
Conclusion
The results of a brief review of the literature showed that the features of nitrogen metabolism in fish are actual direction of research, both theoretical science and in practical fish farming.
Published the results of studies of amino acid metabolism in fish suggest that, firstly, the processes responsible for the neutralization and the release of ammonia from the body of fish, as well as ontogenetic aspects of the dynamics of formation and emission of ammonia is not fully understood. Meanwhile, several authors stressed the importance of this area of interest for the formation of science-based ways to improve the efficiency of plant breeding in fish culture.
Secondly, endogenous nitrite, being the product of oxidation of the molecule nitric oxide and its transport form, the norm are always present in fish. However, the mechanisms responsible for maintaining the stability of the concentration of nitrite in the internal environment of fish, not well understood. Also, in our opinion, of interest to determine the physiological rules of nitrites and nitrates in the body of various species, depending on the seasons and stages of ontogeny.
Thirdly, the literature pays much attention to the toxic properties of nitrite in water biocenosis. Certainly, the analysis of the manifestation in fish tissuespecific toxic effects of nitrites and their derivativesan important area of research Nevertheless, we can not exclude that it may be quite promising analysis of the incorporation of exogenous nitrite as a substrate exist in fish of the physiological mechanisms re-synthesis of nitric oxide. This kind of ''interference'' of endogenous and exogenous nitrite-anions are not causing serious structural damage to organs and tissues, however, can cause substantial damage to the practical fish farming, causing changes in the level of regulatory mechanisms of fish at the most critical stages: when working with manufacturers, the incubation of eggs, and larvae rearing and wintering fish.
